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1
POLYMERISATION PROCESS

This application is the U.S. national phase of International
Application No. PCT/EP2013/054650 filed Mar. 7, 2013
which designated the U.S. and claims priority to European
Patent Application Nos. 12159940.1, filed Mar. 16, 2012, Ser.
No. 12/159,942.7, filed Mar. 16, 2012 and 12159944.3, filed
Mar. 16, 2012, the entire contents of each of which are hereby
incorporated by reference.

The present invention relates to a polymerisation process,
and in particular to the polymerisation of olefins in a reactor
system comprising two reactors in series.

BACKGROUND OF THE INVENTION

The production of polymer powder by polymerisation
reactions of monomers in the presence of catalysts is well-
known. For example, processes are known and widely oper-
ated commercially using both fluidised bed reactors and
slurry phase reactors.

In a slurry polymerisation process the polymerisation is
conducted in a stirred tank or, preferably, a continuous loop
reactor in which a slurry of polymer particles in a liquid
medium comprising hydrocarbon diluent is circulated. Dur-
ing the course of polymerisation, fresh polymer is generated
by the catalytic polymerisation of monomer and polymer
product is removed from the reactor by removing a portion of
the slurry.

In a single reactor system the slurry withdrawn from the
reactor is treated to separate the polymer particles from the
hydrocarbon diluent and other components, such as unre-
acted monomers, which it is generally desired are recycled to
the reactor.

The process where polymer is formed in two reactors in
series is also known. The separate reactors can be operated to
produce the same product in each reactor, but are most advan-
tageously operated to produce different products in each reac-
tor, in particular to make bimodal polymer products.

In such a process, polymer is produced in the first reactor,
withdrawn in the form of a slurry and passed to a second
reactor where further production of polymer takes place.
Polymer slurry withdrawn from the subsequent reactor is
treated to separate the polymer solids from diluent and unre-
acted reactants, which it is generally desired to recycle to the
process.

In a typical separations process, which is also generally
used for single reactor systems, withdrawn slurry is heated
and passed to a first separation step in which the majority of
the diluent and unreacted monomers and comonomers are
separated from the polymer solids as a gas (flash gas) at
relatively high pressure such that the gas can be condensed
without compression and recycled. This is commonly
referred to as a “flash step”.

Remaining solids and residual diluent are then sent to a
second separation step, which may be a further flash tank or
may be a flush column where the solids are contacted with a
flush gas, such as nitrogen, to remove residual diluent, mono-
mers and comonomers. The second separation step is usually
at a lower pressure, and diluent, unreacted monomer and any
comonomer separated in the second separator need to be
separated from any flush gas, and usually need to be com-
pressed prior to recycle.

Thus, the overall polymerisation process generally
includes both high pressure and low pressure recovery sys-
tems for recovery and recycle of diluent, monomers and
comonomers.
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The polymer solids may be taken to further processing,
such as blending or pelleting, or to storage.

WO 2006/015807 discloses a polymerisation process in
which the gas stream recovered from flashing diluent and
unreacted monomer from a slurry of polymer solids is passed
to a fractionator. The application of the fractionator to a
process comprising two polymerisation loop reactors oper-
ated in series is also described. In particular with respect to
FIG. 3 there is described a process where the fractionator is
used to treat both the flash gas from the second reactor in
series and also gas separated from the effluent between the
two reactors.

DESCRIPTION OF THE INVENTION

We have now found an improved process for the operation
of a polymerisation reactor where gas recovered from the
effluent exiting a reactor is contacted with a feed stream to the
same reactor.

Thus, in a first aspect the present invention provides a
process for the polymerisation of monomer in at least first and
second reactors operated in series, which process comprises
contacting a first stream comprising vapour derived from the
effluent withdrawn from the second or a subsequent reactor
with a feed stream to the second reactor, said feed stream
comprising effluent derived from the first reactor.

The contacting can take place in any suitable contacting
vessel.

The feed stream is generally in a liquid form, and most
preferably is a slurry of polymer solids in a liquid medium
from the first reactor.

The first reactor is generally the previous reactor in the
series to the second reactor.

The first stream comprises vapour derived from the effluent
withdrawn from the second reactor or a subsequent reactor.
The “subsequent reactor” option can apply where there are 3
or more reactors present in series, at least one of these being
subsequent to the second reactor.

For example, three reactors present in a series may be
considered as reactors “A”, “B” and “C”. The present inven-
tion may be applied by contacting a feed stream to reactor B,
which comprises effluent from reactor A, and the first stream
may comprise vapour derived from the effluent withdrawn
from reactor B or may comprise vapour derived from the
effluent withdrawn from reactor C (or both).

Alternatively, or additionally, the present invention may be
applied in such a three reactor series between reactors B and
C by contacting a feed stream to reactor C, which comprises
effluent from reactor B, with a first stream comprising vapour
derived from the effluent withdrawn from reactor C (i.e. in
this option reactor B may be considered as the “first reactor”
and reactor C as the “second reactor” of the present inven-
tion.)

Preferably, the feed stream to the second reactor is con-
tacted with a first stream comprising vapour derived from the
effluent withdrawn from the second reactor, and the present
invention will hereinafter be illustrated with respect to this
option, although it will be equally clear that the process could
be equally applied with a first stream derived from a subse-
quent reactor where one is present.

As an example, a slurry polymerisation process produces
an effluent from a second reactor in the form of a slurry of
polymer solids in a liquid medium comprising diluent. This
stream is usually treated to vaporise the components of the
liquid medium, which are then separated from the polymer
solids. The first stream is preferably at least a portion of this
separated stream, more preferably a majority of, yet more
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preferably at least 80% by weight of, and most preferably
essentially all of, this separated stream.

It is preferred that the first stream is passed from its source,
for example a flash tank or other means to separate vaporised
medium from the polymer solids/rest of the effluent, to the
contacting step without any compression.

It is generally preferred that a majority of, yet more pref-
erably at least 80% by weight of, and most preferably essen-
tially all of the first stream is in vapour form when brought
into contact with the feedstream in this first aspect.

In particular, the heat applied to vaporise the liquid
medium in the effluent withdrawn from the second reactor
and which is therefore present as heat in the first stream can be
efficiently utilised to minimise or avoid any additional heat
input requirement in the contactor. In contrast, if the first
stream is cooled significantly prior to the contactor, as would
be required for significant amounts of vapour to condense,
then some of that useable heat is lost. In some circumstances
it may then be necessary to apply additional heat in the con-
tactor or to the feed stream. It is therefore preferred that
cooling of the first stream prior to entry into the contactor is
avoided or at least minimised.

More preferably, the first stream is passed directly from its
source, for example a flash tank or other means to separate
vaporised medium from the polymer solids/rest of the efflu-
ent, to the contacting step with the feed stream to the second
reactor. By “directly” is meant without intermediate treat-
ment, such as direct or indirect cooling or treatment to sepa-
rate certain components, such as fines.

In a second aspect, the present invention provides a process
for the polymerisation of monomer in a reactor, which pro-
cess comprises contacting a first stream comprising vapour
derived from the effluent withdrawn from the reactor with a
feed stream to the reactor, said first stream comprising a
majority of the vaporised components of the liquid medium in
the effluent withdrawn from the reactor and at least 80% by
weight of the first stream is in vapour form when brought into
contact with the feed stream.

The feed stream in this second aspect may be any stream
comprising one or more components to be fed to the reactor.
The feed stream is generally in a liquid form. Most preferably
the feed stream in this second aspect comprises effluent
derived from a previous reactor in series, in which case this
second aspect is a preferred embodiment of the first aspect.

More generally, and whilst it is preferred that cooling of the
first stream prior to entry into the contactor is avoided or at
least minimised in the first and second aspects, nevertheless,
a portion of the first stream may condense prior to contact
with the feedstream. It is also possible that the first stream can
contain small quantities of solids. For example, whilst the
vaporised diluent should be separated from the bulk of the
polymer solids prior to being used as the first stream, it is
possible that the vapour can contain entrained solids, gener-
ally referred to as “fines”. A particular advantage of the
present invention is that these entrained solids do not need to
be removed from the vaporised diluent/first stream prior to
the contacting of the first stream with the feed stream to the
second reactor, as is described further below.

The pressure at which the first stream is separated from the
polymer withdrawn from the second reactor is preferably
equal to or higher than the pressure at which it is brought into
contact with the feedstream to the second reactor. Thus, the
stream may be passed to the contacting step without compres-
sion.

By the process of the present invention at least part of the
first stream may be recycled to the second reactor without
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compression and/or at least part of the first stream may be
recycled to the second reactor without indirect cooling.

“Indirect cooling” as used herein means use of a cooling
medium where the medium to be cooled and the cooling
medium do not physically mix. As used herein “indirect cool-
ing” requires the deliberate use of a cooling medium and
excludes more general loss of heat to the surroundings from
pipework and other equipment. Pipework and equipment may
be lagged to reduce such heat losses.

Usually indirect cooling is applied using a cooling medium
through the walls of a pipe or vessel, such as in a heat
exchanger. At least part of the first stream is preferably
recycled to the second reactor as a liquid without any com-
pression or indirect cooling.

More particularly, at least 10 wt % ofthe first stream passed
to the contacting step can be recycled to the second reactor in
the post-contacted feedstream to the second reactor. This is
described further below.

The first stream is preferably separated from the polymer
withdrawn from the second reactor at high pressure, typically
between 0.7 MPa and 1.5 MPa, and preferably between 0.8
MPa and 1.2 MPa. The first stream is preferably brought into
contact with the feedstream to the second reactor at high
pressure, typically between 0.7 MPa and 1.5 MPa, and pref-
erably between 0.8 MPa and 1.2 MPa. Preferably, the pres-
sure at which the first stream is brought into contact with the
feedstream to the second reactor is approximately the same as
the pressure at which the first stream is separated from the
polymer withdrawn from the second reactor. However, a
small pressure differential is usually present due to inherent
pressure drops in the connecting pipework.

The contacting generally results in post-contacted vapour
and a post-contacted feedstream, the vapour being passed to
further processing and the feedstream being passed to the
reactor.

Generally, the present invention provides a process for the
polymerisation of monomer in at least two reactors operated
in series, which process comprises contacting the first stream
comprising vapour derived from the effluent withdrawn from
the second reactor with the feed stream to the second reactor
to produce a second stream comprising vapour which is
passed to further processing and a third stream which is
passed to the second reactor.

As with the feed stream, the third stream is generally in a
liquid form and more preferably comprises a slurry of poly-
mer solids in a liquid medium.

The monomer in the process of the present invention is
preferably an olefin monomer. For avoidance of any doubt,
the term “monomer” as used herein refers to the olefin which
is present in the largest amount in the formed polymer, and
may also be referred to as the “principal monomer”, whilst the
term “comonomer” as used herein refers to olefins other than
the monomer which may be present. More than one comono-
mer may be present.

The monomer is preferably ethylene or propylene, most
preferably ethylene. Where ethylene is the monomer, propy-
lene may be the comonomer, but the comonomer is preferably
selected from 1-butene, 1-hexene and 1-octene, with 1-hex-
ene being most preferred.

Where propylene is the monomer, the comonomer is pref-
erably selected from ethylene, 1-butene, 1-hexene and
1-octene.

The comonomer is preferably 1-hexene.

Preferred diluents which may be used are inert hydrocar-
bons, more preferably butanes, especially iso-butane, pen-
tanes and mixtures thereof. Iso-butane is most preferred.
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The present invention may be applied to a process for the
polymerisation of monomer in two reactors connected in
series.

Most preferably, the at least two reactors are slurry loop
polymerisation reactors which produce effluents comprising
a slurry of polymer solids (“polymer slurry”). In this embodi-
ment, a polymer slurry is withdrawn as an effluent from the
second reactor, and the first stream is derived from the effluent
by flashing all or a portion of the liquid medium to form a
vapour, separating this from the polymer solids, and using at
least a portion of the separated vapour as the first stream as
noted previously.

The polymer slurry withdrawn from the first reactor and
contacted with the first stream generally comprises solid
polymer and a liquid medium comprising diluent and unre-
acted monomer. The first stream derived from the effluent
withdrawn from the second reactor generally comprises dilu-
ent and monomer, and may also comprise comonomers,
hydrogen and impurities, such as alkanes and nitrogen.

In more detail, the present invention provides, as a third
aspect, a process for the polymerisation of monomer in two
slurry loop reactors connected in series, which process com-
prises:

1) Polymerising in a first loop reactor, monomer in the pres-
ence of a diluent to produce a first polymer slurry compris-
ing polymer solids suspended in a liquid medium compris-
ing diluent and unreacted monomer,

2) Withdrawing a portion of the first polymer slurry as a first
effluent comprising solid polymer, diluent and unreacted
monomer, and passing said first effluent to a contactor to
form a second effluent comprising solid polymer, diluent
and unreacted monomer,

3) Passing said second effluent to a second loop reactor,

4) Polymerising in the second loop reactor, monomer in the
presence of said second effluent, to produce a second poly-
mer slurry comprising polymer solids suspended in a liquid
medium comprising diluent and unreacted monomer,

5) Withdrawing a portion of the second polymer slurry as a
third effluent comprising solid polymer, diluent and unre-
acted monomer, and

6) Passing said third effluent to a separation step for separat-
ing a first stream comprising vaporised diluent and unre-
acted monomer from said polymer solids, characterised in
that at least a portion of the first stream is passed to the
contactor wherein it is contacted with the first effluent to
produce said second effluent and a second stream compris-
ing vaporised diluent and unreacted monomer.

The present invention has advantageously been found to
result in transfer of components from the first stream into the
feedstream for the second reactor. At the same time, compo-
nents in the feedstream can be transferred into the first stream.

An example is entrained solids in the first stream.
Entrained solids in the first stream are preferentially entrained
into the stream to the reactor, and thereby are recycled to the
reactor. Such solids can be catalytically active and their
recycle to the reactor not only prevents the loss of such active
components, but also prevents them being able to react and
potentially cause fouling in downstream processing of the
vapour. Filters and/or cyclones, which are often used to
remove entrained fines from the vapour, for example of flash
tank overhead lines, can be avoided.

The ability to avoid filters operating on the first stream is
particularly advantageous. In particular, such filters can be
prone to plugging due to condensation of components in the
first stream at high pressure. Back-flushing of filters to
remove blockages on high pressure filters can be generally
harder and has greater propensity to cause filter damage.
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Thus, filters on high pressure streams can be particularly
prone to operational problems.

Preferably, therefore, the present invention comprises no
filters or solids removal equipment which act on the first
stream, and in particular it is preferred that the first stream is
passed from its source, for example a flash tank or other
means to separate vaporised medium from the polymer sol-
ids/rest of the effluent, to the contacting step without passing
through any filters. Further, the ability of the contacting step
to remove entrained fines from the first stream prior to sub-
sequent treatment of the first stream means that filters can be
avoided in other parts of the high pressure recovery system.
More generally therefore the polymerisation process prefer-
ably comprises no filters operating at pressures above 0.5
MPa, more preferably no filters operating above 0.4 MPa, and
most preferably no filters operating above 0.2 MPa.

The present invention can also remove components from
the effluent stream from a first reactor passed to a second
reactor which are not required or are required in lesser
amounts in the second reactor than in the first, and to enhance
in the effluent stream passed to the second reactor compo-
nents which are required or are required in greater amounts in
the second reactor than in the first. In particular, it has been
found that contacting of the separated vapour from the slurry
exiting the second reactor, which can be inherently lower in
the components not required or required in lesser amounts in
the second reactor and higher in the components which are
required or are required in higher amounts in the second
reactor, results in a more favourable intermediate treatment.

In addition to solids, where present in the first stream, as
noted above, the invention may be illustrated with respect to
hydrogen and comonomer components. In some bimodal
processes operating in two loop reactors in series, hydrogen
may be desired in the first reactor but not in the second, or at
least the amount of hydrogen desired in the second reactor is
lower than in the first reactor. Similarly, comonomer may be
desired in the second reactor but not in the first reactor, or at
least the amount of comonomer required is higher in the
second reactor than in the first reactor. Thus, the first polymer
slurry and the first effluent also comprise hydrogen, and the
second polymer slurry and the third effluent also comprise
unreacted comonomer. In “conventional treatment”, the first
effluent may be passed to an intermediate treatment step in
which at least a portion of the hydrogen is separated from the
first effluent prior to its passage to the second reactor.

Whilst this can reduce the hydrogen significantly it can be
difficult to remove sufficient hydrogen in this way without a
significant reduction in pressure and/or without significant
diluent or monomer loss with the hydrogen (which may be
passed to flare).

Inthe process of the present invention it has been found that
contacting of the first stream/separated vapour from the slurry
exiting the second reactor, which has relatively reduced
hydrogen and relatively increased comonomer compared to
the feed stream/first effluent, results in an increase in the
hydrogen in the second stream compared to the first stream
and an increase in comonomer in the third stream/second
effluent compared to the feed stream/first effluent.

The “increase” usually, and preferably, manifests itself as
an increase in the absolute quantities of said components in
said streams, measured in mass flow rates of the particular
components.

The “increase” usually in addition manifests itself as
increase in the ratios of the particular components to mono-
mer in said streams, for example hydrogen to ethylene ratio
and comonomer to ethylene ratio may be increased. In an
alternative embodiment the increase may manifest itself only
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as an increase in the ratios of particular components to mono-
mer i.e. without a requirement for an increase in the absolute
mass flow rates. Thus, an increase in hydrogen is a particular
stream means that the ratio of hydrogen to ethylene increases,
whilst an increase in comonomer in a particular stream means
that the ratio of comonomer to ethylene increases.

It will be apparent that in order to maintain a mass balance
in the polymerisation system of the third aspect of the inven-
tion the majority of the diluent and unreacted monomers
recovered from the third effluent actually have to be recycled
to the first reactor rather than the second. By the process of the
present invention the second stream, in an opposite result to
the second effluent passing to the second reactor, is enhanced
in the components desired in the first reactor and poorer in the
components not desired, or desired in lesser quantities. Thus,
in the example of hydrogen and comonomer given previously,
the second stream is enhanced in hydrogen and poorer in
comonomer than the first stream. This also therefore reduces
the subsequent treatment of the vapour which is required prior
to recycling to the first reactor.

More particularly, greater than 80%, such as greater than
90%, for example essentially all (by which is meant greater
than 99%) of the comonomer in first stream prior to the
contacting may be returned to second reactor via the feed-
stream to the second reactor from the contacting.

In contrast, greater than 80%, such as greater than 90%, for
example essentially all (by which is meant greater than 99%)
of'the hydrogen in the feed stream to the second reactor prior
to the contacting is removed from the feed stream and passed
to further processing.

For the above reasons, the present invention is particularly
applicable to processes for producing bimodal polymer prod-
ucts. The separation step of the third aspect of the present
invention is preferably a high pressure separation step, for
example in a high pressure recovery system.

In a slurry polymerisation process the pressure and tem-
perature in the high pressure recovery system are generally
selected such that the majority of the diluent, monomer and
comonomer are recovered in the vapour and can be con-
densed without compression for recycle to the reaction.
Examples of such systems can be found, for example, in WO
2005/003188 which discloses the use of a higher pressure
flash stage followed by a lower pressure flush stage. However,
processes are also known where the lower pressure stage is a
flash stage rather than a flush stage, or where both flashing
and flushing occur in a single stage. (It can be noted that a
flush stage can also be referred to as a “purge stage”. The term
“flush” is used herein for such steps to avoid any confusion
with process purges, which are steps whereby streams are
removed from a polymerisation process, for example to flare.
The term “purge” as used herein therefore refers to a stream
which is removed from the process rather than a flush step.)

The terms “high pressure” and “low pressure” are used
herein to indicate relative pressures of different recovery sys-
tems.

Generally, however, “high pressure” as used herein gener-
ally refers to streams and stages which are at a pressure of 0.5
MPa (5 bar) and above, and usually 0.7 MPa (7 bar) and
above, and “low pressure” generally refers to streams and
stages which are at a pressure of less than 0.5 MPa (5 bar),
usually less than 0.4 MPa (4 bar).

A low pressure recovery system, in contrast to the high
pressure recovery system, leads to recovered components,
such as diluent, monomer and comonomer, at lower pres-
sures, and which generally need compression prior to recycle.

In apreferred embodiment the contacting of the first stream
and the feed stream take place in a contactor which is config-
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ured in association with a fractionator to yet further enhance
the separation achieved. In particular, the second stream
recovered from the contactor is passed to a fractionator, from
which heavier components, including comonomer, are recov-
ered from the base and passed back to the contactor, whilst
lighter components, such as hydrogen and monomer, and also
diluent, are recovered from the fractionator as a vapour for
further treatment and recycle.

Further, in a fourth aspect of the present invention there is
provided a process for the polymerisation of monomer in a
reactor, which process comprises contacting a first stream
comprising vapour derived from the effluent withdrawn from
the reactor with a feed stream to the reactor to produce a
second stream comprising vapour which is passed to further
processing and a third stream which is passed to the reactor,
said contacting taking place by

a. passing said first stream and said feed stream to a con-
tactor,

b. passing the second stream recovered from the contactor
to a fractionator,

c. recovering heavier components, including comonomer,
from the base of the fractionator and passing said com-
ponents back to the contactor,

d. recovering lighter components from the fractionator as a
vapour for further treatment and recycle.

The feed stream in this fourth aspect may be any stream
comprising one or more components to be fed to the reactor.
The feed stream is generally in a liquid form. Most preferably
the feed stream in this fourth aspect comprises effluent
derived from a previous reactor in series, in which case this
fourth aspect is a preferred embodiment of the first and third
aspects of the present invention.

For example, with respect to the third aspect of the present
invention, the contactor and fractionator are configured such
that:

(1) slurry recovered from the contactor is recovered as the

second effluent and passed to the second reactor,

(i1) vapour recovered from the contactor is passed to the
fractionator,

(ii1) liquid recovered from the fractionator is passed to the
contactor, and

(iv) vapour recovered from the fractionator is recovered.

More generally, the combined contactor/fractionator may
be considered as a fractionation system which efficiently acts
to fractionate the mixture of feed stream/first effluent and first
stream initially passed to the contactor.

The vapour, or at least a portion thereof, recovered from the
contactor or the contactor/fractionator combination is typi-
cally passed to one or more steps which may include removal
of inert components, especially inert light components such
as nitrogen and ethane which can otherwise build-up in the
system, and/or which may include removal of “heavy” com-
ponents, such as comonomer and components heavier than
comonomer, prior to recycle.

After the high pressure separation step for separating a
vapour comprising diluent and unreacted monomer from
polymer solids the polymer solids are usually passed from the
high pressure recovery system to a low pressure recovery
system. The low pressure recovery system may comprise a
low pressure separation step for separating further diluent,
unreacted monomer and unreacted comonomer from said
solids, and a recycle system for recycling at least a portion of
the further diluent, unreacted monomer and unreacted
comonomer.

The low pressure recovery system/recycle system may
comprise a lights separator and/or a heavies separator for
removing such components from the process.
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By “lights separator” as used herein is meant a separator
which is operated to provide separation of “lights” other than
monomer, such as hydrogen and methane, from monomer and
heavier compounds. As used herein “lights” means propane
and molecules having a molecular weight less than propane.

By “heavies separator” as used herein is meant a separator
which is operated to separate compounds heavier than the
comonomer.

The general concept of “lights” and “heavies” separators
for separation of such components in polymerisation pro-
cesses is well-known. One example of such a system is taught
by U.S. Pat. No. 6,292,191.

In a further aspect of the present invention it has surpris-
ingly been found that hydrogen can be efficiently removed
from the polymerisation system by treating two separate por-
tions ofthe vapour stream recovered from the contactor at low
temperature but at different pressures.

Thus, in a further aspect, the present invention provides a
process for treatment of a first stream comprising vapour
derived from the effluent withdrawn from a polymerisation
reactor, which process comprises:

1) contacting said first stream with a feedstream to the reactor
to produce a vapour comprising hydrogen,

i1) treating said vapour comprising hydrogen to produce and
separate from each other a first liquid stream and a third
stream comprising vapour,

iii) passing said third stream to a first separations step oper-
ating at greater than 0.5 MPa and at less than —10° C. to
separate hydrogen therefrom,

iv) passing a portion of the first liquid stream to a second
separations step operating at less than 0.4 MPa and at less
than -10° C. to separate hydrogen therefrom.

The vapour comprising hydrogen may be the second
stream previously described (where a contactor/fractionator
combination is not present) or may be the vapour from a
contactor/fractionator combination where such is used.

Steps (i), (i1) and (iii) are all performed at a pressure of at
least 0.5 MPa, usually at least 0.7 MPa, and preferably of at
least 0.8 MPa. Thus, said steps may all be considered part of
the high pressure recovery system.

In contrast, step (iv) is operated at a relatively low pressure
of less than 0.4 MPa, preferably less than 0.3 MPa, for
example about 0.2 MPa. Preferably said step is integrated into
the low pressure recovery system such that all of some of said
portion of the first liquid stream may be recovered and
recycled to the reactor.

The preferred features of first stream, the feedstream and
the contacting of step (i) are as described previously. Thus, in
the preferred embodiments the contacting of the first stream
with the feedstream, which is preferably the effluent from a
preceding reactor, results in an increase in hydrogen in the
vapour comprising hydrogen compared to the first stream.

Step (ii) preferably comprises cooling the vapour to at least
partially condense liquid therefrom, and separation of said
third stream and first liquid stream. This cooling is preferably
achieved using a cooling medium at above 0° C., most pref-
erably using cooling water. By this step the majority of the
diluent and unreacted monomers and comonomers are con-
densed, leaving mainly “lights” such as hydrogen and meth-
ane, although also some monomer, in the vapour phase.

The separation may be performed in any suitable vessel,
for example a vapour/liquid separations drum.

In step (iii) said third stream is passed to a first separations
step operating at greater than 0.5 MPa and at less than -10° C.
to separate hydrogen therefrom. Due to the cooling and sepa-
ration in step (ii) the third vapour is only a relatively small
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portion of the vapour and thus a much lower volume of
material need be cooled to the low temperature of this step.

The pressure in step (iii) is preferably approximately 0.8
MPa. The temperature in step (iii) is preferably less than —20°
C., more preferably less than -30° C., and most preferably
about -35° C.

At such low temperatures hydrogen is efficiently separated
from monomer and other components in the third vapour
which can be recycled.

In step (iv) a portion of the first liquid stream is passed to a
second separations step operating at less than 0.4 MPa and at
less than —=10° C. to separate hydrogen therefrom.

It has been found that taken a portion of the first liquid
stream, cooling and depressurising for a second separations
step results in efficient further recovery of hydrogen from the
process.

The portion of the first liquid stream which is cooled and
depressurised for a second separations step usually comprises
atleast 10% by weight of the first liquid stream, preferably at
least 20% by weight, such as between 20 and 40 wt % and
most preferably 20 to 30 wt % of the first liquid stream.

The temperature in step (iv) is preferably less than -20° C.,
more preferably less than —30° C., and most preferably about
-35°C.

At such low temperatures hydrogen is again efficiently
separated from monomer and other components in the portion
of the first liquid stream. Remaining components of the
stream can be recycled (after compression).

The present invention allows to obtain a polymerisation
process which has a high efficiency for desired components of
the final polymer, such as monomer, but “low” efficiency for
other components (such as hydrogen).

As used herein, “efficiency” is a measure of the amount of
a particular material which is fed and which is not purged
from the process. For example, monomer efficiency is the
amount of monomer fed which is not purged.

The monomer efficiency is a measure of the amount of the
monomer which ends up in the polymer product, and is deter-
mined from the amount of fresh monomer fed to a process and
the amount of monomer which is purged. The monomer purge
rate may be determined from the purge flow and the concen-
tration of monomer in the purge stream, which can be mea-
sured by GC, for each purge stream present. The efficiency
may be determined instantaneously, based on flow rate mea-
surements at a particular time, but preferably is determined
over a period of time, for example based on averaged instan-
taneous measurements or on total amounts fed and purged
determined over a period of at least several hours, as this
generally gives a more accurate measurement. The monomer
efficiency is determined by subtracting the amount purged
from the amount fed, and then dividing the result by the
amount fed. This answer is multiplied by 100 to give the
efficiency as a percentage.

The process of the present invention is able to provide a
monomer efficiency in excess of 99.5%, for example of
99.6% and above, and most preferably of 99.7% and above.

It is worth noting that, whilst monomer efficiencies of
polymerisation processes are generally very high (above
99%), at the scale of commercial polymerisation processes
even what appear as relatively minor increases in efficiency
can result in significant cost savings, as well as significant
reductions in hydrocarbon emissions or combustion products
from hydrocarbon emissions (when flared). For example, in a
process producing 50 tonnes/hour of polymer, an increase in
monomer efficiency by only 0.1% is still a reduction in mono-
mer losses of 50 kg/hour.
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In contrast to a high monomer efficiency, it has been found
that a low hydrogen efficiency of a polymerisation process
can be advantageous. In particular, hydrogen is more cost
effectively flared than recycled and recovered to the overall
polymerisation process. An advantage of relatively low
hydrogen efficiencies is that other impurities which can be
present in fresh hydrogen feeds, such as methane and CO, are
also efficiently purged from the system via the purge streams,
and purification of fresh hydrogen feed via PSA can be
avoided.

The present invention can result in a polymerisation pro-
cess which preferably has a hydrogen efficiency, measured of
the amount of the fed hydrogen which is not purged of 80% or
less, preferably of 70% or less, and most preferably of 60% or
less.

The hydrogen efficiency may be determined in a similar
manner to the monomer efficiency, and in particular by deter-
mining the amount of hydrogen purged from the purge flow
and the hydrogen concentration in the purge stream, which
can be measured by GC, for each purge stream present and
comparing this to the amount of hydrogen fed to the process.

EXAMPLE

Ethylene is polymerised in two slurry loop reactors in
series to produce a bimodal polyethylene with a density of
948 kg/m> and a Melt Index (MI) of 0.31.

In the first reactor ethylene is polymerised in the substan-
tial absence of comonomer, but in the presence of hydrogen
and with isobutane as diluent. Polymer from the first reactor
is passed to a second reactor wherein further ethylene is
polymerised in the presence of 1-hexene as comonomer and
the substantial absence of hydrogen, again in the presence of
isobutane.

Polymer slurry is withdrawn from the first reactor and
passed to a contacting vessel in the form of a stirred tank.

Polymer slurry is recovered from the base of the contacting
vessel and passed to the second reactor.

Polymer slurry is withdrawn from the second reactor and
passed via a slurry heater, in which the liquid components of
the slurry are vaporised to a flash tank at a pressure of 0.85
MPa.

Polymer solids are withdrawn from the flash tank for fur-
ther processing.

The vapour recovered from the flash tank is passed, without
further treatment, as the first vapour to the contacting vessel
where it is contacted with the slurry withdrawn from the first
reactor. The contacting in the contacting vessel takes place at
a pressure of 0.85 MPa.

Vapour is withdrawn from the top of the contacting vessel
(second vapour) and passed to a fractionator in which it is
contacted with a reflux stream. Vapour recovered overhead is
cooled and condensed. A portion is utilised as the reflux
stream to the fractionator. The majority of the remainder is
cycled to the first reactor.

Liquids recovered from the base of the fractionator are
returned to the contacting vessel.

The combined “contacting vessel/fractionator” is herein
referred to as a “fractionation system”.

The first vapour is passed to the contacting vessel. The
stream comprises predominantly isobutane, but also approxi-
mately 2700 kg/hr of 1-hexene and smaller quantities of
hexane, ethane, ethylene and hydrogen.

The slurry from the first reactor is also passed to the con-
tacting vessel. The slurry liquid comprises predominantly
isobutane with smaller quantities of ethane and ethylene. The
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stream is substantially free of 1-hexene but comprises
approximately 13 kg/h of hydrogen.

The vapour recovered from the contacting vessel (second
vapour stream) is substantially reduced in 1-hexene and hex-
ane flow compared to the first vapour stream, but comprises
substantially all of the hydrogen fed to the contacting vessel.

The vapour from the contacting vessel is passed to the
fractionator in which further separation occurs. The liquid
recovered from the base and recycled to the contacting vessel
comprises essentially all of the 1-hexene and hexane in the
second vapour stream. The vapour recovered from the frac-
tionator is substantially free of 1-hexene and hexane, but
comprises substantially all of the hydrogen fed to the frac-
tionator, corresponding to 99.5% of all hydrogen fed to the
fractionation system in total).

The slurry recovered from the contacting vessel is, in con-
trast, substantially free of hydrogen, but comprises essen-
tially all of the 1-hexene and hexane fed to the fractionation
system.

It can be seen that the contacting vessel efficiently sepa-
rates hydrogen from the slurry from the first reactor into the
second vapour stream (the majority of which is cycled to the
first reactor, where hydrogen is desired), thereby also remov-
ing it from the second slurry (which is subsequently passed to
the second reactor where hydrogen is not desired). At the
same time 1-hexene is separated from the vapour stream in the
contacting vessel.

Further, by use of a fractionator in combination with the
contacting vessel 1-hexene is essentially completely sepa-
rated from the first vapour stream and into the second liquid
(which is cycled to the second reactor, where the 1-hexene is
required.)

Other “light” components, such as nitrogen, methane,
ethane, ethylene and propane are also preferentially separated
into the vapour stream exiting the fractionation system. In
particular, approximately 99% of nitrogen, 98% of methane,
95% of each of ethane and ethylene, and 85% of propane end
up in the vapour stream exiting the fractionation system
(compared to “total” of each component fed to the fraction-
ation system).

This stream is cooled to 35° C. (at 0.8 MPa) and passed to
aliquid/vapour separation drum. Approximately 3500 kg/h of
vapour is recovered and further cooled to -35° C. (still at 0.8
MPa) to separate a stream comprising 12 kg/h of hydrogen,
which is flared. This stream also comprises methane, nitro-
gen, ethane and propane.

The majority of the liquid from the liquid/vapour separa-
tion drum is recycled to the first reactor. A portion of the liquid
from the liquid vapour separation drum, comprising princi-
pally isobutane, but also quantities of ethylene, ethane, pro-
pane and other components, including approximately 0.5
kg/h of hydrogen, is however cooled to =35° C. and let-down
in pressure to 0.2 MPa in the low pressure separations system.
From the low pressure separations system there is separated
and passed to flare a stream comprising 0.5 kg/h of hydrogen.
Although this stream comprises quantities of isobutane,
methane, nitrogen, ethane and propane, the majority (99.5 wt
%) of the isobutane in the stream passed to the low pressure
separations step is recovered for recycle (after compression)
rather than flared.

The invention claimed is:

1. A process for the polymerisation of monomer in at least
first and second reactors operated in series, which process
comprises either:

(1) contacting a first stream comprising vapour derived

from the effluent withdrawn from the second reactor
with a feed stream to the second reactor, said feed stream
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comprising effluent derived from the first reactor and
said first stream having been separated from the polymer
withdrawn from the second reactor at a pressure of 0.5
MPa (5 bar) or above, or

(ii) contacting a first stream comprising vapour derived
from the effluent withdrawn from a subsequent reactor
with a feed stream to the second reactor, said feed stream
comprising effluent derived from the first reactor.

2. A process according to claim 1 which comprises firstand
second slurry loop polymerisation reactors connected in
series.

3. A process according to claim 1 wherein the feed stream
is a slurry of polymer solids in a liquid medium from a first
slurry loop polymerisation reactor.

4. A process according to claim 1 wherein the effluent
withdrawn from the second reactor is a slurry of polymer
solids in a liquid medium comprising diluent, and wherein the
first stream is derived from the effluent by flashing all or a
portion of the liquid medium to form a vapour, and separating
this from the polymer solids.

5. A process according to claim 4 wherein said first stream
comprises a majority of the vaporised components of the
liquid medium in the effluent withdrawn from the second
reactor and at least 80% by weight of the first stream is in
vapour form when brought into contact with the feed stream.

6. A process according to claim 1 wherein the first stream
is brought into contact with the feedstream to the second
reactor at a pressure of 0.5 MPa (5 bar) or above.

7. A process according to claim 1 wherein the first stream
is passed from its source to the contacting step without any
compression and/or wherein the first stream is passed from its
source to the contacting step without passing through any
filters.

8. A process according to claim 1 wherein the first stream
has been separated from the polymer withdrawn from the
subsequent reactor at a pressure of 0.5 MPa (5 bar) or above.

9. A process according to claim 1 which is a process for the
polymerisation of monomer in two slurry loop reactors con-
nected in series, which process comprises:

1) Polymerising in a first loop reactor, monomer in the
presence of a diluent to produce a first polymer slurry
comprising polymer solids suspended in a liquid
medium comprising diluent and unreacted monomer,

2) Withdrawing a portion of the first polymer slurry as a
first effluent comprising solid polymer, diluent and unre-
acted monomer, and passing said first effluent to a con-
tactor to form a second effluent comprising solid poly-
mer, diluent and unreacted monomer,

3) Passing said second effluent to a second loop reactor,

4) Polymerising in the second loop reactor, monomer in the
presence of said second effluent, to produce a second
polymer slurry comprising polymer solids suspended in
a liquid medium comprising diluent and unreacted
monomet,

5) Withdrawing a portion of the second polymer slurry as a
third effluent comprising solid polymer, diluent and
unreacted monomer, and

6) Passing said third effluent to a separation step for sepa-
rating a first stream comprising vaporised diluent and
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unreacted monomer from said polymer solids, said sepa-
ration step being a high pressure separation step at a
pressure of 0.5 MPa (5 bar) or above,

characterised in that at least a portion of the first stream is
passed to the contactor wherein it is contacted with the
first effluent to produce said second effluent and a second
stream comprising vaporised diluent and unreacted
monomer.

10. A process according to claim 9 wherein the first stream
comprises entrained solids which are preferentially entrained
into the second effluent.

11. A process according to claim 9 wherein the first poly-
mer slurry and the first effluent also comprise hydrogen, and
the second polymer slurry and the third effluent also comprise
unreacted comonomer, and wherein the contacting of the first
stream and first effluent results in an increase in the hydrogen
in the second stream compared to the first stream and an
increase in comonomer in the second effluent compared to the
first effluent.

12. A process according to claim 9 wherein the second
stream is enhanced in hydrogen and poorer in comonomer
than the first stream.

13. A process according to claim 9 wherein the contacting
takes place in a contactor which is configured in association
with a fractionator such that the second stream recovered
from the contactor is passed directly to a fractionator, from
which heavier components, including comonomer, are recov-
ered and passed directly back to the contactor, whilst lighter
components are recovered from the fractionator as a vapour
for further treatment and recycle.

14. A process according to claim 9 wherein the separation
step is in a high pressure recovery system and polymer solids
are passed from the high pressure recovery system to a low
pressure recovery system which comprises a low pressure
separation step for separating further diluent, unreacted
monomer and unreacted comonomer from said solids, and a
recycle system for recycling at least a portion of the further
diluent, unreacted monomer and unreacted comonomer.

15. A process according to claim 14 wherein the low pres-
sure recovery system/recycle system comprises a lights sepa-
rator and/or a heavies separator for removing such compo-
nents from the process.

16. A process for treatment of a first stream comprising
vapour derived from the effluent withdrawn from a polymeri-
sation reactor, which process comprises:

i) contacting said first stream with a feed stream to the

reactor to produce a vapour comprising hydrogen,

ii) treating said vapour comprising hydrogen to produce
and separate from each other a first liquid stream and a
third stream comprising vapour,

iii) passing said third stream to a first separations step
operating at greater than 0.5 MPa and at less than —10°
C. to separate hydrogen therefrom, each of steps (i), (ii)
and (iii) being performed at a pressure of at least 0.5
MPa, and

iv) passing a portion of the first liquid stream to a second
separations step operating at less than 0.4 MPa and at
less than —=10° C. to separate hydrogen therefrom.
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